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Long term biological studies are rare but incredibly valuable for examining natural phenomena. Data collected 
over many years or decades allows for analyses of trends that would never be apparent in a single season. The 
research presented here is for the completion of the first field season in a long term study analyzing biodiversity 
trends on Chambers Island. Using visual searches, live trapping, and trail cameras, the biodiversity and 
abundance of species was examined. Special emphasis was placed on small mammals, though other species 
were observed and documented. The goals of this project were to (1) provide preliminary diversity and 
abundance measures to allow for examination of annual variation and long term trends in species diversity and 
abundance and (2) establish a partnership and research platform able to provide stakeholders with pertinent 
biological data to ensure sound conservation and management decisions.  
  





Chambers Island is the second largest island in the Green Bay, consisting of 3,000 acres located 8 km northwest 
of Fish Creek, Wisconsin. Most of the island is privately owned and occupied by seasonal residents. In 
conjunction with the Door County Land Trust, the Chambers Island community established the Chamber Island 
Nature Preserve in 2014 (Fletcher & Cooper 2016). The goal was the development of a 1,000-acre nature 
preserve to prevent development of the interior of the island for ecological preservation, recreational benefits 
(hunting, fishing, trapping, hiking, cross-country skiing… etc.) and to ensure managed logging can persist 
(Thompson 2013). Chambers Island has a relatively flat topography, sandy-clay acidic soils, with a mix of 
hemlock and hardwood forests (American beech, sugar maple, and red oak) and remnant Great Lakes barren 
plant communities (Judziewicz 2001). There has been an absence of deer for more than 25 years, thus allowing 
for the regeneration of sugar maples and conifers (Rintelman 2013). Although located closer to the shores of 
Door County, the topography and flora of Chambers Island is highly similar to Marinette County (Judziewicz 
2001). 
 
To date, few studies have been conducted to identify the species diversity present on the island. Much of the 
work to date has focused on plant species, birds, and invertebrates (Judziewicz 2001; Rintelman 2013), or is 
unpublished anecdotal accounts by property owners. The island has been managed for timber harvesting but is 
an otherwise closed biological system. There is likely little or no migration among non-volant (non-flying) 
animals unless winter conditions would allow movement across the frozen bay. Populations are assumed to be 
completely isolated. Here we detail the first of what is anticipated to be an annual biological survey of 





Small Mammal Mark-Recapture 
Small mammal capture was carried out with all necessary permissions and permits (IACUC 041702, WI 
Department of Natural Resources SCP-SOD-011-2017). Animals were captured using Sherman style box traps 
(aluminum live trap, 7.62x7.62x25.4 cm or 5.08x6.35x16.51 cm, Figure 1A) and baited with black oil 
sunflower seeds. Cotton balls were placed in the trap to provide bedding for the animal until it could be 
released. The door is triggered to close via a spring-plate mechanism opposite the opening. The animal’s weight 
pushes the plate down allowing the door to close, injury is unlikely even if limbs or the tail is caught. Sherman 
style box traps are the industry standard for safe and humane live trapping of small mammals. Forty traps were 
placed along transects in the study area near natural cover and undisturbed areas (Appendix Table S1). Trap 
placement attempted minimize exposure to extreme temperatures or predators. The study period lasted 4 days (3 
nights) from July 20-23, 2017 (calendar days 201-204), during which the traps were monitored twice daily 
(approximately 6am and 6pm each day), to limit the time captive to no more than 12 hours. Animal handlers 
wore leather gloves to prevent bite injury. Upon removal from the trap, data was collected from each animal 
(sex, body length, tail length, limb length… etc.). The ear was cleaned with isopropyl alcohol and a metal ear 
tag (2.36 mm wide, ~0.25g, Figure 1D) affixed to the inner lower 1/3 of the pinnae by puncture and crimped 
closed. A crimping tool was used that secures the tag without applying pressure to the ear. The animal’s weight 
was measured using a hanging scale and cloth bag. Any animals with notable characteristics, such as sexual 
status, the presence of parasites, or physical abnormalities were noted. Following all handling and 
measurements, the animals with a good disposition were immediately released otherwise were left in the cloth 








Two trail cameras with passive infrared motion triggers and infrared illumination (Stealth Cam, Grand Prairie, 
TX, Figure 1B) were placed at each transect (Appendix Table S2). Cameras were deployed for the same 4 days 
(3 nights) duration as the live traps. At each site one camera was placed ~1 meter above the ground on a tree 
with a scent bait (rabbit urine, commercial predator attractant, peanut butter / vanilla extract, or commercial 
sweet bait) in areas were animals were likely to traverse. A second camera was mounted inside an inverted 
bucket with modifications for close focus and baited with black-oil sunflower seeds or other sweet baits (Figure 
1C). This modification is used to detect additional small mammals that may not enter the live traps. Camera 
settings were chosen to maximize battery life while collecting photo or video when triggered. Upon retrieval, 
files were analyzed to determine species diversity and if possible identify unique individuals for measures of 
abundance and behaviors.  
 
 
Figure 1. Mark-recapture and visual search materials. A) Large (7.62x7.62x25.4 cm) and small 
(5.08x6.35x16.51 cm) Sherman live traps. B) Stealth Cam Trail Camera C) Plastic 5-gallon bucket trap with 
camera attached to top inside and aimed at the ground. D) Peromyscus sp. fitted with fingerling ear tag. 
 
Visual searches 
To augment live and camera trapping efforts, surveys for other species were conducted. At each site visual 
searches were conducted to identify plant, amphibian, reptile, bird, and arthropod diversity. Feces and tracks 
were identified as indicators of an animal’s presence (e.g feces from wild turkey, Figure 2). 
 
 
Figure 2. Female wild turkey feces. 
 
Analyses 
The collected data was compiled into Microsoft Excel, where then various calculations were performed to 
determine averages for morphological measurements, recapture rates, male-female population composition, and 
other such statistics. The Schnabel method (Schnabel 1938) was utilized to estimate population size from mark 
and recapture rates. This method involves mammal capture, an examination for previous marking, then marking 
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(if applicable) prior to release over the course of multiple sampling events. It operates under the assumptions 
that the population is constant, random sampling occurs, and that each individual is equally likely to be captured 





Study Locations  
Visual searches, live trapping, and trail cameras were deployed at four sites on Chambers Island representative 
of some of the highly diverse habitat available on the island (Figure 3). Site locations on the island included 
mixed hardwood forest, Great Lakes Barrens, meadow, and hemlock forest. The mixed hardwood forest (Figure 
3A) is located on the western shore of the island on the property belonging to the Feirer family. This site was 
purchased in 1995 and the last logging is presumed to have been prior to 1980 (R. Feirer, personal 
communication, July 14, 2018). There is light disturbance from nearby roads and the Feirer family cabin which 
is occupied only during the summer months. Vegetation is predominantly sugar maple (Acer saccharum) with 
scattered red oak (Quercus rubra), American beech (Fagus grandifolia), and ironwood / eastern hop-hornbeam 
(Ostrya virginiana). The understory consists of sparse course woody debris, spring ephemerals, and abundant 
saplings. The Great Lakes Barrens (Figure 3B) is located on the north shore of the island. This habitat is 
predominantly sand dunes with little canopy cover. Approximately half of the area is bare sand and the 
remainder is covered with vegetation. Red cedar (Juniperus virginiana) is the dominant plant species with 
patches of quaking / trembling aspen (Populus tremuloides) and spotted knapweed (Centaurea maculosa). 
White pines (Pinus strobus) can be found on the periphery of this site. Human disturbance is substantial as this 
site is within 100 meters of North Bay with a heavily populated beach bringing regular foot and vehicle traffic. 
The meadow (Figure 3C) is located 500 meters toward the island’s interior at the southeastern end of the 
airfield. This is an edge habitat of prairie meadow adjacent to a forest. The meadow is seasonally mowed to 
maintain visibility for the airfield. Vegetation is predominantly wild bergamot (Monarda fistulosa), white 
sweet-clover (Melilotus albus), and common St. John’s wort (Hypericum perforatum). The forest is 10-20 
meters wide with a well-defined edge and gravel road running parallel. Vegetation includes red oak, white pine, 
staghorn sumac (Rhus typhina), and American beech. Along the edge a mix of ferns, grasses, and horsetail can 
be found. The last site is the hemlock forest (Figure 3D) near the island interior. This is an older stand of mature 
eastern hemlock (Tsuga canadensis) with an almost entirely closed canopy. Occasional mature American beech 
can be found and understory vegetation is sparse consisting mostly of ferns. The forest floor is a dense layer of 
humus and pine needles and very little course woody debris. Within 10 meters of site is a muskeg-leatherleaf 
bog and open water.  
 




Figure 3. Trapping transect and camera locations. A) Mixed hardwood forest, B) Great Lake Barrens, 
C) Meadow, and D) hemlock forest. 
 
Biodiversity 
Only one mammal species was captured by live trapping, the white-footed mouse (Peromyscus leucopus). A 
number of other species were identified through visual sightings, trail cameras, or observation of scat and sign 
(Table 1). 
 
Table 1. Observed animal species. 
Common Name Scientific Name Method Notes 
Mammals    
Coyote Canis latrans Camera / scat Appendix Figure S1A 
Domestic dog Canis lupus familiaris Tracks / visual  
White-footed mouse Peromyscus leucopus Live trap / camera Appendix Figure S1B 
    
Birds    
Sandhill crane Antigone canadensis Camera /visual Appendix Figure S1C 
Bald Eagle Haliaeetus leucocephalus Visual Appendix Figure S1D 
Eastern wild turkey Meleagris gallopavo Camera / visual Appendix Figure S1E 
    
Amphibians    
American toad Anaxyrus americanus Visual Appendix Figure S1F 
    
Reptiles    
Eastern fox snake Pantherophis gloydi Visual  
 
Population demographics are restricted to live trapped animals and therefore include only white-footed mouse 
(Peromyscus leucopus). The ranges of white-footed mouse (P. leucopus) and deer mouse (P. maniculatus) 
largely overlap and differentiation between the two species can be a challenge. Base on morphological 
measurements (Table 2) the mice capture in this study align with those characteristic of P. leucopus (Stromberg 
1979). Males were dominant among all animals captured, 64% being males and 36% females (Table 2) with an 
estimated population of 79 mice across all sites (average 27 mice per site, Table 3).  




Table 2. Morphological measurements for Peromyscus leucopus. 
 Sampling Site A B C D All 
Avg. Weight (g) 24.8 20.9 22.4 22.8 22.4 
Avg. Ear Length (mm) 14.8 13.7 14.6 14.7 14.3 
Avg. Hind foot (mm) 20.0 18.9 19.9 19.3 19.4 
Avg. Body Length (mm) 89.2 85.6 81.1 87.2 85.6 
Avg. Tail Length (mm) 78.0 74.5 79.4 75.1 76.3 
Avg. Total Length (mm) 111.4 160.1 131.4 142.5 139.6 
No. Male 5 (62.5%) 14 (66.7%) 8 (72.7%) 9 (56.3%) 36 (64.3%) 
No. Female 3 (37.5%) 7 (33.3%) 3 (27.3%) 7 (43.7%) 20 (35.7%) 
 
Table 2. Trapping summary. 
 Sampling Site A B C D All 
Species Richness 1 1 1 1 1 
Total Unique Captures 9 15 11 12 47 
Total Recaptured 1 6 1 4 12 
Total Captures 10 21 12 16 59 
Avg. Times Recaptured 1.11 1.40 1.09 1.33 1.26 
Trap Nights 3 3 3 3 3 
Effort (Traps * Nights) 30 30 30 30 120 




This study is a crucial step for long term biological monitoring of species on Chambers Island. The four sites 
selected for study are representative of the varied habitat found on the island and each is well suited to support a 
wide range of species. Small mammal trapping was the major focus of this work and only one species (P. 
leucopus) was captured – this is a strong indicator that other species (e.g. chipmunks, voles, and shrews) may be 
absent or at least very rare. However, through mark-recapture sampling, we now have an estimated population 
size that can be annually monitored for quantifiable changes as a proxy for biological events. These events 
could be changes in predator species populations, habitat alteration, introduction of a new competitor species, or 
changes in food availability (e.g. oak mast year). An additional seven species were documented through camera 
trapping or visual sightings. It is important to note that these species were documented opportunistically and 
targeted surveys were not conducted. This is an indication that there is substantial diversity on Chambers Island 
that has yet to be explored.  




With this work, we have established sites that will be monitored annually. The primary objective will be to 
repeat this mark-recapture survey to estimate changes in population size. In future iterations, a more in depth 
habitat analysis will be conducted to establish long term changes to vegetation structure and diversity. Visual 
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Figure S1. Photographic documentation of animal species. A) Coyote (Canis latrans) photographed in May 
prior to this study, B) White-footed mouse (Peromyscus leucopus), C) Sandhill crane (Antigone Canadensis), D) 
Bald Eagle (Haliaeetus leucocephalus) juvenile, E) Eastern wild turkey (Meleagris gallopavo), F) American 





Table S1. Trapping transect summary. 
Site Trap # Coordinates Traps Start  End  Total  
 Start End Start End # Large # Small Date Time Date Time Trap Nights 
A 1 10 
N  45.19259 
W 87.37302 
N  45.19217 
W 87.37300 
5 5 20-Jul-17 16:00 23-Jul-17 6:00 30 
B 11 20 
N  45.19724 
W 87.35725 
N  45.19718  
W 87.35689 
5 5 20-Jul-17 16:00 23-Jul-17 6:00 30 
C 21 30 
N  45.19234 
W 87.35881 
N  45.19193 
W 87.35906 
5 5 20-Jul-17 16:00 23-Jul-17 6:00 30 
D 31 40 
N  45.18166 
W 87.34689 
N  45.18178 
W 87.34703 
5 5 20-Jul-17 16:00 23-Jul-17 6:00 30 
 
 
Table S2. Camera trap summary. 
Site Coordinates Start Date Start Time End Date End Time Bait Settings Notes 
A 
N  45.19259  
W 87.37302 





N  45.19217  
W 87.37300 




N  45.19696  
W 87.35637 
20-Jul-17 15:30 23-Jul-17 6:00 Peanut butter, vanilla Photo  
B 
N 45.19737  
W 87.35692 




N  45.19248  
W 87.35876 
20-Jul-17 16:20 23-Jul-17 6:00 Rabbit urine Photo  
C 
N  45.19270  
W 87.35872 




N  45.18196  
W 87.3469 
20-Jul-17 17:50 23-Jul-17 6:00 Commercial sweet (berry) Photo  
D 
N  45.18173  
W 87.34724 
20-Jul-17 17:57 23-Jul-17 6:00 
Peanut butter, vanilla, 
seed 
Video 
Bucket 
modification 
 
 
 
 
